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ABSTRACT: The study was aimed at exploring the use of cow dung (CD) and sawdust (SD) as bio stimulants for 
enhanced ex-situ bioremediation of diesel fuel contaminated soil. Results of the microbial populations in a gram of soil 
showed that diesel polluted soil amended with CD had the highest total culturable heterotrophic bacterial (TCHB) 
population range (1.42 x 106 - 1.56 x 107Cfu/g), total fungal (TF) (1.0 x 106 – 1.60x107Cfu/g), hydrocarbon utilizing 
bacteria (HUB) (4.5 x 106 – 2.05 x 107Cfu/g) and hydrocarbon utilizing fungi (HUF) (3.5 x 106 – 1.3 x 107Cfu/g) 
respectively during the study. Diesel polluted soil amended with SD had lower TCHB populations (1.32 x 106 – 2.0 x 
107Cfu/g), TF (6.0 x 106 – 3.6 x 107 Cfu/g), HUB (5.4 x 106 – 1.28 x 107Cfu/g) and HUF (1.2 x 106 – 2.0 x 106Cfu/g) 
respectively, while the microbial populations in option C (control) were TCHB (1.14 x 106 – 1.18 x 107Cfu/g), TF (1.7 x 
106 – 7.0 x 106Cfu/g), HUB (4.2 x 106 – 7.8 x 106Cfu/g) and HUF (1.1 x 106 – 5.0 x 107Cfu/g) respectively. Changes in 
pH values showed reductions in CD (7.10 – 6.20) and SD (5.78 – 4.88) amended soils. Percentage losses in TPH from 
chromatography results showed diesel polluted soil amended with CD (61.30%), SD (41%) and control (4.11%) 
respectively. Characterization and identification tests of bacterial isolates revealed that a microbial consortium comprising 
of the following HUB genera; Bacillus, Pseudomonas, Proteus, Alcaligenes, Klebsiella, Enterobacter, Citrobacter, 
Corynebacterium and Escherichia coli was implicated in the biodegradation process. Similarly, the HUF encountered 
were Fusarium, Aspergillus, Microsporium, Penicilium and Mucor. The results suggest that the application of cow dung 
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Petroleum diesel fuel is produced from fractional 
distillation of crude oil (ITRC, 2014). It is composed 
of about 75% saturated hydrocarbon (primarily 
paraffin) and 25% aromatic hydrocarbons (including 
naphthalenes and alkl benzenes) (ITRC, 2014; 
Wellington et al., 1995). Diesel fuel is used to power 
diesel engines (Wellington and Asmus, 1995). The use 
of diesel fuel introduces considerably large quantity of 
the product into the environment, leading to the 
pollution of the air, water, agricultural and recreational 
areas (Knothe et al., 2006). It has a severe 
environmental impact on the ecosystem by harming or 
killing wildlife and plants. Components of diesel 
which are hydrocarbons have been known to belong to 
the family of caricnogens and neurotoxic organic 
pollutant (ATSDR, 1995; Bundy et al., 2002; Nora et 
al., 2013; Hawrot-Paw et al., 2015; Sylvia, 2019). Soil 
contamination by diesel has been found to result from 
petroleum extraction, refining, transportation, 
improper usage, accidents, leakage of tanks and 
pipeline ruptures. Petroleum products contamination 
is responsible for alteration of soil physicochemical 
properties and hurdles in nutrient cycling. It increases 
the heavy metal contents in soil (Akpoveta and 
Osakwe, 2014) affecting the pH, electrical 
conductivity and many soil properties (Barua et al., 
2011; Zaki et al., 2014; Chibuike and Obiora, 
2014).The application of conventional remediation 
methods such as dredging, mechanical removal and 
chemical treatment can be costly and may further 
destroy the environment by making toxic 
hydrocarbons and more bio-available (Hilyard et al., 
2008). Bioremediation is the biological natural 
technique which employs the use of microorganisms 
to enhance the elimination or detoxifying of 
hydrocarbon pollutants into non-toxic residues (Banat, 
2004; Vidali, 2001). Biostimulation a process of 
bioremediation involves the addition of appropriate 
nutrients to hydrocarbon polluted environment to 
stimulate the indigenous microbial flora, thereby 
enhancing the microbial degradation of the pollutants 
(Vidali, 2001; Mukred et al., 2008; Omoni et al., 
2015). Previous studies have employed the use of 
agricultural wastes as nutrient supplements in 
bioremediation of hydrocarbon polluted 
environments. (Ijah and Antai, 2003; Bento et al., 
2005; Dadrasnia and Agamuthu, 2010; Ibiene et al., 
2011; Dadrasnia and Agamuthu, 2013; Leera et al., 
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2018) The present study therefore, was aimed at the 
application of cowdung and sawdust as nutrient 
supplements in enhancing the bioremediation of diesel 
contaminated agricultural soil. 
 
MATERIALS AND METHODS  
Sample Collection: The diesel sample used in the 
study was obtained from Oando PLC/Unipetrol 
Nigeria PLC, Petrol Filling station Headquarter 
located in Port Harcourt, Rivers State, Nigeria. Soil 
sample was collected from the agricultural farm land 
of Faculty of Agriculture, University of Port Harcourt 
using soil augar. The topsoil was sampled 15 cm deep 
at different points and mixed thoroughly for 
homogencity into a clean polythene bag and 
transported to the laboratory for analyses. Cowdung 
was collected into clean polythene bag from the 
Faculty of Agriculture Demonstration Farm (Animal 
farm) of the University of Port Harcourt. It was 
composted for 2 weeks to reduce its pathogenic impact 
on the environment. Sawdust a by-product of wood 
cutting or sawing was obtained from a timber market 
located in Alakahia community in Obio/Akpor Local 
Government of Rivers State, Nigeria. 
 
Reagents: All reagents employed in this study were of 
analytical grade and were obtained from Sigma 
Chemical Company, St. Louis Missouri, USA and 
BDH Chemical, Ltd, Poole, England. All 
Microbiological Media used were products of oxoid 
and Difco Laboratories, England. Filter paper 
(Whatman No. 1) was obtained from WER Bauston 
Ltd, London. Bonny light crude oil used for HUB and 
HUF tests was obtained from Port Harcourt Refinery 
Company, Eleme, Rivers State, Nigeria. 
 
Experimental Setup: Two hundred and fifty (250)g of 
soil sample was  weighed separately and placed in 
three clean plastic containers, labeled (A, B and C). 
Each was polluted with 100ml of diesel. To set A, 50g 
of oven dried and mashed cowdung (CD) was added, 
to set B, 50g of oven dried sawdust (SD) was added, 
while set C was not amended with any organic waste 
which served as the control. Each set was mixed 
thoroughly with wooden spatula as to obtain 
homogenized mixture and enhance aeration. They 
were allowed to stand at room temperature (28±20C). 
Samples for microbiological and physicochemical 
analyses were collected for day 0, 14 and 28 from set 
A, B, and the control set C. 
 
Enumeration of Total Culturable Heterotrophic 
Bacterial and Total Fungal Counts: The total 
culturable heterotrophic bacterial (TCHB) populations 
of soil samples were determined using spread plate 
method on nutrient agar (NA) (Oxoid) (APHA, 2005). 
A serial ten-fold dilution was prepared using 1g of soil 
and 0.1ml of 10-4 and 10-5 dilutions were inoculated 
and plated in triplicates. Plates were properly labelled 
and incubated at 370C for 24h (Chikere et al., 2013). 
For total fungal (TF) counts, 1.0ml of aliquot dilutions 
(10-4 and 10-5) were inoculated ad spread on Potato 
Dextrose Agar (PDA) plates (APHA, 2005) in 
triplicates by means of sterile bent glass rod and 
incubated at 300C for 3-7 days. Chloramphenicol 
antibiotic was added to the PDA to inhibit bacterial 
growth. 
 
Enumeration of Hydrocarbon Utilizing Bacterial 
(HUB) and Hydrocarbon Utilizing Fungal (HUB) 
counts: For HUB population, appropriate dilutions 
(10-4-10-5) of soil suspension (1g of soil homogenized 
in 0.85% of normal saline) was plated out in triplicates 
on Bushnell-Haas agar (Sigma-Aldrich, USA) plates 
modified with 10% NaCl. Hydrocarbon was supplied 
through the vapour phase transfer technique by placing 
sterile Whatman No.1 filter paper saturated with 5ml 
Bonny light crude oil in the inside lid of each plate 
kept in an inverted position and incubated at 37OC for 
48h (Amanchukwu et al., 1989). For enumeration of 
HUF, the same procedure was followed, except that 
chloramphenicol antibiotics was incorporated into the 
BushHell-Haas agar medium to suppress growth of 
bacteria and incubated at 300C for 3-7days. 
 
Isolation and Identification of HUB and HUF: 
Culturable bacterial isolates of HUB and HUF were 
sub-cultured onto NA plates and incubated at 28±20C 
for 24h. Discrete colonies were further sub-cultured 
onto slant NA in Bijou bottles and incubated at 
28±20C for 24h. The NA slant cultures were stored in 
the refrigerator at 40C as pure stock cultures for 
subsequent characterization and identification. HUB 
isolates were identified by use of standard 
characterization tests known using the determination 
schemes of Bergey and Holt(1994) and Cheesbrough, 
(2006).Similarly, moulds were identified through their 
cultural as well as microscopic features using 
lacophenol cotton blue method, (Obire et al., 2008; 
David, et al., 2007). 
 
Determination of Physicochemical parameters: 
Physicochemical parameters of polluted and 
unpolluted soil samples analyzed included pH, total 
organic nitrogen, potassium, phosphorus and total 
petroleum hydrocarbon (TPH). They were determined 
using methods adopted from Stewart et al., (1994). For 
TPH, Gas Chromatography (GC) (HP 5890, Hewlett 
Packard, Avondale, PA, USA) equipped with flame 
ionization detector (FID) was employed. Soil sample 
for TPH analysis was extracted with methylene 
chloride. One micro litre (1µL) of the extract was 
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injected and eluted in the calibrated GC. The peak 
areas were quantified as TPH concentration of soil 
samples. American Society for Testing Materials 
(ASTM, E-1945-1998). Percentage loss in TPH was 
calculated as:  
% loss in TPH = 
                      
            
x 100 
 
RESULTS AND DISCUSSION 
Results of total culturable heterotrophic bacterial 
(TCHB) and total fungal (TF) populations of 
unpolluted soil, diesel polluted soil stimulated with 
CD and diesel polluted soil stimulated with SD are 
presented in Table 1. The result indicates that the 
diesel polluted soil stimulated with CD had the highest 
TCHB populations than the unpolluted and polluted 
soil stimulated with SD samples, while polluted soil 
stimulated with SD had the highest TF count. Tables 2 
and 3 shows the bacterial and fungal genera isolated 
and identified in diesel polluted soil, diesel polluted 
soil stimulated with CD and diesel polluted soil 
stimulated with SD. Changes in total culturable 
heterotrophic bacteria (TCHB), total fungal (TF), 
Hydrocarbon utilizing bacteria (HUB) and 
Hydrocarbon utilizing fungal (HUF) populations 
during the bioremediation period are illustrated in 
Figs. 1-4. The results showed that the microbial 
populations were increasing during the period from 
day 0 to day 28 with the soil stimulated with cowdung 
having the highest bacterial and fungal counts (Figs. 
1-4). 
 
Table 1: TCHB, HUB, TF and HUF populations of unpolluted 
soil, polluted soil stimulated with cow dung and diesel polluted 
soil stimulated with sawdust samples during the bioremediation 
experiment 
 
Key: UPS= Unpolluted soil, DPS+CD = Polluted soil stimulated 
with Cow dung, DPS+SD= Polluted soil stimulated with Sawdust, 
Cfu/g = Colony forming unit per gram of soil. 
 
Table 2: Bacterial isolates identified in diesel polluted soil, diesel 
polluted soil stimulated with CD and diesel polluted soil stimulated 
with SD samples during the bioremediation experiment 
Bacterial genera DPS DPS+CD DPS+SD 
Bacillus + + + 
Pseudomonas _ + _ 
Klebsiella + _ _ 
Alcaligenes  + _ _ 
Enterobacter + _ _ 
Corrynebacterium _ + _ 
Citrobacter _ + _ 
Eschenshia _ _ + 
Proteus _ _ + 
(+) positive, seen, (-) negative, not seen, DPS = Diesel Polluted 
Soil, DPS+CD = Diesel Polluted soil stimulated with Cow dung, 
DPS+SD = Diesel Polluted soil stimulated with Sawdust 
 
Table 3: Fungal isolates identified in diesel polluted soil, diesel 
polluted soil with cow dung and saw dust samples during the 
bioremediation experiment 
Bacterial genera DPS DPS+CD DPS+SD 
Fusarium  __ + + 
Aspergillus  + + __ 
Microsporium  + __ + 
Penicillium  __ __ + 
Mucor __ + + 
(+) positive, seen, (-) negative, not seen, DPS = Diesel Polluted 
Soil, DPS+CD = Diesel Polluted Soil stimulated with Cowdung, 
DPS+SD = Diesel Polluted stimulated with Sawdust 
 
 
Fig. 1 Changes in Total Culturable Heterotrophic Bacterial 
(TCHB) populations during the study period 
 
 
Fig. 2 Changes in Total Fungal (THF) populations during the study 
period 
 
Fig. 3 Changes in hydrocarbon utilizing bacterial (HUB) 
populations during the study period 
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Fig. 4 Changes in hydrocarbon utilizing fungal (HUF) populations 
during the study period 
Table 4: Changes in physiochemical parameters during the study 
period 
Days  DPS (control) DPS+CD DPS+SD 
A         Changes in pH   
0 6.20 7.10 5.78 
14 6.10 7.0 5.68 
28 5.60 6.20 4.88 
B       Changes in Nitrogen (%) 
    
0 3.89 14.20 0.85 
14 3.79 14.10 0.75 
28 3.29 13.3 0.35 
C      Changes in phosphorus (mg/kg) 
0 0.48 2.79 0.11 
14 0.38 2.69 0.09 
28 0.13 0.09 0.04 
D     Changes in potassium content (mg/kg) 
0 11.74 18.33 28.53 
14 11.64 18.13 28.03 
28 10.14 17.33 27.3 
DPS = diesel polluted soil, DPS+CD = diesel polluted soil 
stimulated with cow dung, DPS+SD = diesel polluted soil 
stimulated with sawdust. 
Table 5: Percentage (%) losses in TPH of polluted soil and 
stimulated soil samples during the bioremediation period 






DPS (Control) 0 3.63 4.11 
DPS+CD 12.09 40.82 61.30 
DPS+SD 6.75 22.65 40.69 
DPS = Diesel polluted soil, DPS+CD = diesel polluted soil 
stimulated with cow dung, DPS+SD = diesel polluted soil 
stimulated with sawdust. 
 
Changes in physicochemical parameters of the 
unstimulated diesel polluted soil and the diesel 
polluted soil stimulated with cow dung and sawdust 
during the bioremediation period are presented in 
Table 4. Generally, the results showed considerable 
decreases in all the physicochemical parameters 
analyzed in both the diesel polluted soil stimulated 
with cow dung and sawdust. The percentage losses in 
TPH of the diesel polluted soil and the stimulated soil 
samples during the bioremediation period are 
presented in Table 5. From the results, it reveals that 
% loss in TPH was higher in soil stimulated with cow 
dung (61.30%) while that of soil stimulated with 
sawdust was 40.69% at day 28. 
 
Table 6: TPH remaining after each monitoring period 
Treatment option Day 0  
(ppm) 
Day 14  
(ppm) 
Day 28  
(ppm) 
DPS (Control) 14,409.32 13,885.64 13,816.25 
DPS+CD 12,665.91 8,527.09 5,575.18 
DPS+SD 13,435.95 11,145.31 8,545.99 
DPS = diesel polluted soil, DPS+CD = diesel polluted soil 
stimulated with cow dung, DPS+SD = diesel polluted soil 
stimulated with saw dust. 
 
Figs. 5-10 shows the chromatograms of TPH fractions 
obtained for un-stimulated diesel polluted soil samples 
for day 0 and diesel polluted soil samples stimulated 
with cow dung and saw dust at day 0 and 28 
respectively. 
 
Fig.5 is the chromatograms of TPH fractions of un-
stimulated (control), soil, indicating the extent of the 
different carbon fractions of the diesel polluted soil at 
day 0. While Figs. 6-7 shows the chromatograms of 
diesel polluted soil stimulated with CD and SD 
indicating the extent of the different carbon fractions 
of the diesel polluted soil at day 0. Figs. 8-10 shows 
that of day 28. From the results of the microbial 
populations of diesel polluted soil stimulated with cow 
dung (CD) sample and diesel polluted soil stimulated 
with sawdust (SD) samples used in this study, it is 
observed that CD had higher total culturable 
heterotrophic bacterial (TCHB) population (9.4 x 
106cfu/g) than the SD sample (8.4x106cfu/g) Table 
1.This could be attributed to difference in nutrient 
composition of cow dung and sawdust. Cow dung is 
known to contain more organic nutrients as a result of 
degradative bacteria in rumen of cows, thereby having 
more organic nutrients supporting increase in 
microbial growth (Obire, et al., 2008; Adebusoye et 
al., 2007). The higher total fungal (TF) counts 
observed in the SD sample could be the high cellulose 
content of saw dust being product of plant (Obire et 
al., 2008; Ali et al., 2011). 
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Fig. 5 Chromatogram of Total petroleum hydrocarbon (TPH) fractions of diesel polluted 




 Fig. 6 Chromatogram of Total petroleum hydrocarbon (TPH) fractions of diesel polluted 
soil sample stimulated with cow dung for day 0.  
 
 
Fig. 7 Chromatogram of Total petroleum hydrocarbon (TPH) fractions of diesel polluted 
soil sample stimulated with sawdust for day 0. 
 
 
Fig. 8 Chromatograms of (A): Total petroleum hydrocarbon (TPH) fractions of 
unstimulated diesel polluted soil sample for day 28. 
There were appreciable increase in 
the microbial counts during the 
period of study, with the diesel 
polluted soil stimulated with cow 
dung showing highest counts in the 
TCHB, TF, HUB and HUF counts 
respectively (Figs. 1-4). This is 
attributable to the positive effects of 
organic nutrient supplement on 
enhanced bioremediation of 
petroleum hydrocarbon impacted 
environment. These results agrees 
with previous studies on enhanced 
bioremediation of impacted media 
(Ibiene et al., 2011; Agarry et al., 
2012; Abioye et al., 2012; 
Chukwudozie, 2013; Omoni, et al., 
2015). 
 
The GC profile results revealed that 
C1-C7 straight chain hydrocarbon 
fractions were non-existent in all the 
soil samples (un-stimulated control 
and stimulated). While the heavier 
fractions C8-C34were detected in 
both control and stimulated soil 
samples (Figs. 5-10). However, the 
two stimulants (cow dung and 
sawdust) were able to reduce the C8-
C34 hydrocarbon fractions 
appreciably at different rates during 
the study period, the highest 
reduction in the fraction was 
obtained with cow dung stimulated 
diesel polluted soil (DPS+CD) at 
day 28 with TPH concentration 
remaining 5575.18ppm. The un-
stimulated soil samples (control) 
remained 13,816.25ppm 
hydrocarbon concentration (Table 
6). The more volatile and short 
chain hydrocarbon fractions were 
easily degraded or removed from 
the impacted soil by natural 
attenuation process. Studies have 
shown that the remaining 
components, which were not readily 
degraded, can still posse high 
environmental risk to the immediate 
vicinity of the area in which they 
remained or persisted (Gong et al., 
2008; Macnaughton et al., 1999). 
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Fig. 9: Chromatogram of Total petroleum hydrocarbon (TPH) fractions of diesel polluted 
soil sample stimulated with cow dung for day 28.  
 
 
Fig. 10 Chromatogram of Total petroleum hydrocarbon (TPH) fractions of diesel polluted 
soil sample stimulated with sawdust for day 28. 
 
The hydrocarbon degrading bacteria isolates identified in the present 
study were Bacillus sp., Pseudomonas sp., Klebsiella sp., Alcaligenes 
sp., Enterobacter sp., Corynebacterium sp., Citrobacter sp., Escherichia 
coli, and Proteus sp (Table 2). These bacteria genera have been reported 
in hydrocarbon degradation by different authors (Onuoha et al., 2011; 
Abioye et al., 2012; Onuoha, 2013; Wokem et al., 2017). The TCHB 
populations and HUB populations as well as TF populations in the soil 
stimulated with cow dung and sawdust (organic wastes) were higher 
compared to un-stimulated control soil sample (Figs. 1-4). Similar results 
were reported by other researchers who observed counts of hydrocarbon 
utilizers in oil-polluted soil to be higher than in unpolluted soil samples 
(Ijah and Antai, 2003; Onuoha, 2013). The reason for the higher counts 
of bacteria may be due to the presence of appreciable quantities of 
nitrogen and phosphorus in the organic wastes (Figs 1-4). The increase 
in the population density of micro-organisms in hydrocarbon polluted 
media have been known to ensure rapid degradation of the pollutants 
(Skipper, 1999; Juhash et al., 2000; Odokuma and Akponah, 2010). On 
the other hand, the HUF isolates obtained in this study belonged to the 
genera: Fusaium sp., Aspergillus sp., Microsporium sp., Penicillium sp., 
and Mucor sp. (Table 3). These genera have also been reported by other 
researchers (Obire et al., 2008). The changes in physiochemical 
parameters during the bioremediation period showed substantial 
percentage decreases from day 0 to day 28 in both diesel polluted soil 
stimulated with cow dung and sawdust Table 4.These reductions 
indicated that the hydrocarbon degraders were actively utilizing the 
organic nutrient of nitrogen, 
phosphorus and potassium 
respectively. Similar observations 
have been made by Odokuma and 
Akpokodje (2004) and Odokuma 
and Okara (2005). The slight 
changes in the un-amended soil, 
control set up indicate that the 
indigenous micro-organisms in the 
diesel polluted soil were capable of 
utilizing the nutrients, but in low 
capacity, since there was no nutrient 
suplements to stimulate microbial 
growth as to enhance pollutant 
degradation. The pH showed 
reduction in values indicating 
increase in acidity in the un-
amended and amended soil samples. 
The observed reductions in pH in 
this study from low acidity to high 
acidity could be attributed to 
accumulation of waste products of 
metabolism and cell biomass by 
hydrocarbon degrading microbial 
population in the diesel oil-
contaminated soil environment 
(Okpokwasili and Odokuma, 1990; 
Venosa et al., 1996; Macnaughton 
et al., 1999). The percentage losses 
in TPH observed in the diesel 
contaminated soil stimulated with 
cow dung and saw dust as well as 
the control (un-amended soil) is 
attributable to the biodegradability 
of the diesel oil in the contaminated 
soil by indigenous HUB and HUF in 
the soil enhanced by biostimulation 
with organic wastes (cow dung and 
sawdust). The highest % loss in 
TPH was recorded on day 28 in soil 
amended with cow dung (61.30%) 
and saw dust (40.69%) (Table 5). 
Similar results were observed and 
reported in other studies (Bento et 
al., 2005; Onifade and Abubakar, 
2007; Ibiene et al., 2011; Abioye et 
al., 2012; Chikere et al., 2011; 
Chikere et al., 2013). It is important 
to note that the two organic wastes 
used in this study were effective in 
bio-stimulating the hydrocarbon 
utilizing microorganisms which led 
to reduction in TPH of the soil 
polluted with diesel petroleum 
product, though cow dung was more 
effective than sawdust. 
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From the results the residual % loss in TPH recorded 
in the control un-stimulated soil sample on day 28 
(4.11%) Table 5, could be attributable to natural 
attenuation processes, which includes evaporation, 
volatilization, photo-oxidation and bio-degradation. 
The loss in TPH due to natural attenuation at various 
time intervals have been reported (Venosa et al., 1996; 
Abu and Dike, 2008; Agarry and Ogunleye, 2012). 
The degradation of petroleum hydrocarbon involves a 
sequential reaction in which certain organisms may 
carry out the initial attack on the pollutant. This 
produces intermediate products that are subsequently 
utilized by other microbes, which eventually results in 
degradation (Banat, 2004; Olukunle and Boboye, 
2013). 
 
Conclusion: The study showed that cow dung as an 
organic waste has higher stimulant potential than 
sawdust in the biostimulation application in 
bioremediation of diesel fuel polluted soil 
environment, hence, the use of cow dung is 
recommended for efficient bioremediation of diesel 
polluted soil environment, since it is readily available 
and cost effective. However, different organic wastes 
which are abundant in the locality could be applied 
with cow dung in ecofriendly bioremediation of 
hydrocarbon contaminated environments. 
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